Metastable creatine kinase MM isoenzyme was isolated and partially purified from homogenates of myocardium and skeletal muscle by gradient elution on carboxymethyl cellulose. This variant isoenzyme migrated between the MM and MB isoenzymes on agarose electrophoresis, accounted for 3.5% of the total creatine kinase activity in each tissue, was not a macromolecule, and had stable electrophoretic mobility only in borate buffer (0.02 mol/L).
specimens were complexes of the BB isoenzyme and immunoglobulin G. These complexes were measured by a radioimmunoassay specific for the creatine kinase Bsubunit and eluted predominantly with the MB isoenzyme in a commercial anion-exchange reagent system.
Additional Keyphrase: isoenzyme characterization by chromatography
Isoenzymes of creatine kinase (CK; EC 2.7.3.2) with "atypical" electrophoretic mobility have been reported in serum specimens and tissue homogenates (1) (2) (3) (4) (5) (6) . These variants characteristically migrated between the MM and MB isoenzymes when separated electrophoretically on cellulose acetate or agarose supports at alkaline pH. Different authors have concluded that these "atypical" isoenzymes represent a metastable variant of the MM isoenzyme (4) or complexes of immunoglobulin and the BB isoenzyme (IgG-BB) (6) . The metastable MM variant has been reported in most sera from patients with recent myocardial infarcts and severe skeletal muscle trauma, but not in sera from healthy individuals. IgG-BB complexes have been detected, though seldom, in sera from patients with several diagnoses, including acute myocardial infarction, but their occurrence had no independent diagnostic significance.
In this report, we describe the isolation and partial purification of a metastable variant of the MM isoenzyme from human myocardium and skeletal muscle. We also describe some properties of CK isoenzymes with "atypical" electrophoretic mobility detected in serum specimens submitted to the clinical laboratory.
The "atypical" isoenzymes in these sera
were IgG-BB complexes in each case. The metastable MM variant was not observed in serum specimens tested for CK isoenzymes by agarose electrophoresis. adherent to the column. Accordingly, the percentage of "atypical" isoenzyme activity that bound to protein A (%A Bound) was:
Materials and Methods
The concentrations of CK B-subunit in sera with "atypical" isoenzymes and controls were measured by radioimmunoassay (7). 
Results
Results of isolating and partially purifying the metastable MM isoenzyme from homogenates of myocardium and skeletal muscle are summarized in Table 2 . The elution profiles from carboxymethyl cellulose of CK isoenzymes in the myocardial and skeletal muscle preparations are shown in Figure  1 . Elutlon volumes of radlolabeled MB isoenzyme and human albumin (---) are plotted for comparIson isoenzyme ( Figure 2 ). When metastable MM was stored either in 0.05 mol/L Tris.HC1 buffer, pH 7.8, or in heated human serum, the electrophoretic mobility changed rapidly (in less than seven days) to that of the MM isoenzyme ( Figure 3A) . "Atypical" electrophoretic mobility was maintained by the metastable isoenzyme stored for six months in 0.02 mol/L sodium borate with 0.16 mol/L NaCl, pH 8.0 ( Figure 3B) .
A skeletal muscle preparation also contained metastable MM ( (Figure 4) . A small amount of the MB isoenzyme, less than 1% of total CK activity, and the MM isoenzyme were eluted at higher conductances (Table 2, Figure 4B and C). Seven human sera with "atypical" isoenzymes were available for study. These sera were 0.23% of 2991 specimens submitted for CK isoenzyme electrophoresis.
The total CK activity was increased (>99 U/L in men and >57 U/L in women) in six sera. The "atypical" isoenzyme in these sera was stable on storage at 4#{176}C and accounted for 37-100% of the total CK activity (Table 3) . When purified BB isoenzyme was mixed with aliquots of heat-inactivated patients' sera, electrophoresis demonstrated an "atypical" isoenzyme band in each case. No "atypical" isoenzymes were observed when heated serum from a healthy control was mixed with BB isoenzyme or when heated sera from patients were mixed with purified MM or MB isoenzymes.
Chrorriatography of sertim aliquots on Protein A-Sepharose CL-4B revealed significant binding of the "atypical" isoen-:==:=::====!:s=: zyme in each case (Table 4 ). The CK activity in control serum did not bind to protein A. The concentrations of B-subunit were increased (>18 igfL) (7) in each case, and significant amounts of "atypical" isoenzyme were eluted with the "MB fraction" when serum aliquots were chromatographed on a commercial CK isoenzyme reagent system (Table 4 and Figure  5 ). The clinical diagnoses of patients with an "atypical" isoenzyme are summarized. Atherosclerotic coronary artery disease, Class Ill. Diabetes mellitus. Congestive heart failure.
Discussion
Demand pacemaker.
Rheumatoidarthritis with cervical spine involvement. Acute myocardial infarction. Acute lower back pain.
about the origin and significance of CK isoenzymes with "atypical" electrophoretic mobility.
In particular, because variant isoenzyme(s) with similar "atypical" mobility were reported in serum specimens (1-6) and homogenates of tissues (4), it is important to determine whether these variants are the same, and whether the finding of an "atypical" isoenzyme in serum has independent diagnostic significance. The data we present confirm the observations of Urdal and Landaas (6) . The "atypical" isoenzymes we detected in serum specimens were complexes of the BB isoenzyme with IgG in each case. Binding by IgG was specific for the BB isoenzyme and was observed only for sera with an "atypical" isoenzyme that migrated between the MM and MB isoenzymes. Heat inactivation of serum followed by mixing with purified BB isoenzyme reliably detected isoenzyme binding by IgG.
Commercial isoenzyme control sera containing the BB isoenzyme also were used successfully in the mixing studies (data not shown). 
